Pertinent necropsy findings in a 5 1/2-year-old Scottish Highland steer with chronic intractable pneumonia and cough were limited to the pulmonary system. The accessory lobe of the lung was collapsed, scarred, and multifocally adhered to parietal pleura. A polypoid mass almost completely obstructed the lobar bronchus and protruded into the trachea; mucopurulent exudate distended more distal bronchi. Botryomycosis was diagnosed when histologic examination revealed pyogranulomatous pneumonia with eosinophilic granules and ''club'' formation surrounding colonies of gram-positive cocci. Staphylococcus aureus was cultured from the lung. Botryomycosis is an unusual response to infection with common bacteria and is characterized by pyogranulomatous inflammation with formation of eosinophilic granules surrounding colonies of gram-positive cocci or gram-negative bacilli. Among domestic species, staphylococcal botryomycosis is most common as a wound infection in horses or as mastitis in cows and sows. Pulmonary botryomycosis is rare in horses, humans, and guinea pigs and apparently has not been reported in cattle.
A 5 1/2-year-old Scottish Highland steer, which had resided in an exhibit at the Kansas City (Missouri) Zoological Gardens since the age of 7 months, had a 9-month history of persistent dry cough that was refractory to treatment with antibiotics and anthelmintics. During a 1-week stay at the University of Missouri Veterinary Teaching Hospital, the steer had nasal discharge, cough, fever (up to 40.8 C), tachypnea (60-100 respirations/minute), and harsh lung sounds. Because of the severity of clinical signs, lack of response to previous treatment, and projected cost of continued therapy, the steer was euthanized and submitted for necropsy.
The steer was fat (body condition score-8/9; body weight-455 kg); other pertinent necropsy findings were limited to the thoracic cavity. Visceral and parietal pleura had multifocal surface accumulations of yellow to red fibrinous exudate. The accessory lobe of the lung formed a collapsed, fibrous mass that adhered multifocally to parietal pleura ( Fig. 1 ). Sections of this lobe sank in formalin, and the lobe was recognized as lung only when ectatic bronchi filled with mucopurulent exudate were traced to the trachea. A polypoid mass of red-brown granulation tissue almost completely obstructed the lobar bronchus at its origin and extended into the tracheal lumen where it adhered firmly to the tracheal mucosa. Other pulmonary lobes had only a few small areas of pneumonia. Thoracic lymph nodes were enlarged up to 6 cm in maximal dimension and streaked with fibrous connective tissue. The head was not prosected at the submitter's request. Other organs and tissues were unremarkable.
Histologically, the accessory lung lobe was so severely scarred that pulmonary parenchyma was seldom recognized. Pyogranulomas surrounding colonies of coccoid bacteria were scattered through the scar tissue. Granules of eosinophilic material with peripheral radiating clubs (Splendore-Hoeppli phenomenon) formed around the bacterial colonies; neutrophils, epithelioid macrophages, and multinucleated giant cells surrounded the granules. Mature granulation tissue with pyogranulomatous inflammation comprised the polyp that obstructed the lobar bronchus. The epithelial surface of the polyp was eroded; where intact, respiratory epithelium had undergone squamous metaplasia. The pleura had filiform projections lined by hyperplastic mesothelial cells and infiltrated by neutrophils and mononuclear leukocytes.
The cocci within the granules were gram positive, and Staphylococcus aureus was cultured from affected lung. Bacterial colonies were neither acid fast with Kinyoun's stain nor argyrophilic with Grocott's methenamine silver stain. The shape and histochemical features of the bacteria were inconsistent with other potential causes of pyogranulomatous inflammation with granule formation, such as Nocardia or Actinomyces bovis. 4 Botryomycosis is defined as pyogranulomatous inflammation associated with eosinophilic granules that have peripheral club formation (Splendore-Hoeppli phenomenon) and, in their centers, either gram-positive cocci or gramnegative bacilli. 19 The granules resemble those of actinomycosis, but on culture, bacteria 3 that are not typically associated with granulomatous inflammation, such as S. aureus, Escherichia coli, Pseudomonas aeruginosa, or less commonly Proteus vulgaris or Streptococcus spp., are isolated. Staphylococcus aureus is the most commonly isolated bacterium.
Botryomycosis was first described in the lungs of a horse in 1870, 5 but the term was not coined until 14 years later. 14 For the next 3 decades, botryomycosis was attributed to infection with Actinomyces spp. and deemed exclusively an animal (nonhuman) disease. In 1913, the first human case (hepatic botryomycosis) was reported. 12 The actinomycosis theory was debunked 6 years later when S. aureus was isolated from another equine pulmonary case and used to reproduce the disease in guinea pigs. 10 Botryomycosis is uncommon. Of the approximately 100 reported human cases, 2,3,7-9,12,13,15,19,20 75% are cutaneous. 8 Reports of only 21 human cases of primary pulmonary botry- omycosis were found in a search of the English language literature. 3, 7 These cases were treated with intravenous antibiotics, surgery, or both, with variable success.
In veterinary medicine, other than its rare occurrence as an equine lung disease, botryomycosis is recognized as a staphylococcal wound infection in horses and pigs. 11 In cattle, botryomycosis is an unusual presentation of mastitis, usually due to infection with S. aureus 1 or Pseudomonas. Porcine staphylococcal mastitis may also present as botryomycosis. One case of disseminated staphylococcal botryomycosis was described in a cat with perforating gastric ulcer. 17 Two pulmonary cases have been reported in guinea pigs 6 (in addition to the experimental disease). Pulmonary botryomycosis has apparently not been reported in cattle.
Theories to explain this unusual response to common bacteria have been reviewed, 3 but the pathogenesis of bot-ryomycosis remains obscure. The infecting bacterial dose may be high, particularly virulent, or accompanied by foreign material that provides a nidus for granule formation. The fact that certain strains of mice are more susceptible to botryomycosis 16, 18 suggests a genetic predilection. Immunodeficiency may be a factor; the lesion has been described in HIV infection 2, 8 and in humans with chronic granulomatous disease. 13 One-third of reported human pulmonary cases have been associated with cystic fibrosis. 9, 15 The accumulation of abnormal secretions in airways and increased susceptibility of cystic fibrosis patients to infection by S. aureus and P. aeruginosa, with bronchiectasis and peribronchial abscessation, 15 would likely predispose them to botryomycosis.
The lesion in this steer was confined to the accessory lung lobe, suggesting that aspiration pneumonia may have been the initiating event that caused bronchial mucosal ulceration. Subsequent granulation tissue formation could have created the polyp that obstructed the lobar bronchus. The resultant accumulation of mucopurulent exudate in ectatic bronchi in conjunction with staphylococcal infection would have set the stage for botryomycosis. 
Prevalence of psammoma bodies in meninges and choroid plexuses of raccoons (Procyon lotor) from Parramore Island, Virginia
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Abstract. Microscopic evidence of multifocal mineralizations (psammoma bodies) were seen in brains of 33/53 (62%) raccoons (Procyon lotor) necropsied on Parramore Island, Virginia. Most mineralized foci had concentric laminations and were present in small capillaries of meninges of the brain (15/33), in choroid plexus (3/33), or at both these sites (13/33). In 2 raccoons, the lesions were confined to the meninges of the proximal cervical spinal cord. In most cases, the affected vessels appeared to have been completely occluded. However, no evidence of ischemic changes in the brain parenchyma was seen, and none of the raccoons had abnormal neurologic signs prior to euthanasia. The condition appears to be a common incidental histopathologic finding in raccoons from the eastern United States. Although the exact cause of this condition is not known, a primary vascular insult with resultant dystrophic mineralization of the affected vessels is suspected.
With advancing age, the human brain shows increased presence of mineralized foci. 1 Often referred to as psammoma bodies, such mineralized foci are small hardened bodies composed of concentric rings of calcium carbonate and calcium and magnesium phosphate. 1 Similar findings have also been observed incidentally in raccoons (Procyon lotor) from different geographical sites in the USA. [2] [3] [4] However, a detailed description and estimation of prevalence of this condition in raccoons have not been published.
The raccoons for this study were obtained during a field investigation of an oral vaccinia rabies glycoprotein (VRG) recombinant virus vaccine for raccoons on Parramore Island, Virginia. 5 At that time, various tissues of raccoons were examined for histopathologic changes to detect potential adverse reactions to the vaccine.
The VRG vaccine trial on Parramore Island (37Њ32ЈN; 75Њ38ЈW) extended over a 12-month period (August 1990 to August 1991). To evaluate the effects of the vaccine, 53 adult raccoons (37 males, 15 females, and 1 with gender not recorded) were livetrapped, euthanized by intravenous barbiturate overdose, and necropsied on the island. Although detailed neurologic examinations were not performed on the raccoons prior to euthanasia, none of the animals showed any obvious neurologic signs.
Representative tissues of all major organs were collected and placed into 10% neutral buffered formalin. The fixed tissues were processed for histopathology, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for examination by light microscopy. For each raccoon, 3 coronal tissue blocks of different areas of the brain (2 unilateral sections of cerebrum [rostral and occipital] and 1 section each of cerebellum and brain stem) and 1 section of the proximal cervical spinal cord were selected for histopathology. Selected brain sections with areas of mineralization were also stained by McManus periodic acid-Schiff (PAS) and von Kossa stains. For the purpose of this study, only the relevant microscopic capillary lesions in the brain and the proximal spinal cord are reported.
The presence of microscopic mineralized foci with or without concentric laminations (psammoma bodies) was observed in 33/53 (62%) raccoons. Although a higher prevalence was observed in females (12/15, 80%) than in males (21/37, 57%), these differences were not significant ( 2 text, P Ͼ 0. 1). All the animals in this study were adults, and because the ages of individual raccoons were not determined, it was not possible to determine whether the lesions were age dependent.
In Ͼ90% of the raccoons (31/33), the lesions were present within small, thin-walled capillaries (Figs. 1, 2) . In 2 raccoons, the affected vessels had larger lumina and thicker walls (Fig. 3 ). In the tissues surrounding the psammoma bodies, there were usually moderate amounts of fibrosis and
